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ABSTRACT

This study compares the photocatalytic (PC) and photoelectrocatalytic (PEC) oxidation of glucose by
Pt-TiO, films under similar conditions. The overall oxidation efficiency of the PEC process was better than
the PC process, for both TiO, and Pt-TiO; films. The Pt deposits enhanced the PEC oxidation efficiency of
glucose at low cathodic (—0.1V) and low anodic potential bias (+0.1V). As the applied anodic bias was
increased to >+0.5V, the undoped-TiO, films outperformed their Pt-TiO, counterparts. This suggests
that in the studied systems, at an anodic bias of >+0.5V, more holes were available for the oxidation of
glucose on the surface of TiO, compared to Pt-TiO; films. In the PEC systems, above a certain applied
bias, Pt deposits may have a detrimental effect on the performance of a PEC system because the Pt
deposits could merely block the surface of TiO, (particularly at the highest Pt loadings). Lower measured
photocurrents from Pt-TiO, films compared to undoped-TiO, and a decrease in the photocurrent as the

Pt loading increased corroborate this postulation.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The titanium dioxide photocatalysis process has been investi-
gated rigorously for the remediation of contaminated water and air
[1-3]. Surface metallization of TiO, by the photodeposition tech-
nique is most commonly used to improve the quantum efficiency of
the process [4-12], which would otherwise be limited to the order
of 1% or less due to rapid electron-hole recombination. The use of
the electrochemical approach to enhance the photocatalytic pro-
cess has been demonstrated to improve the quantum efficiency of
such a light driven process [13-18]. The application of an anodic
bias directs most of the photogenerated electrons away from the
conduction band of TiO,, hence lowering electron-hole recombi-
nation events and promoting hole transfer to organic contaminants
at the interface.

To date, most TiO, surface platinization has been on TiO, par-
ticles for slurry-type photocatalytic systems rather than on TiO,
thin films. The effect of Pt deposition on TiO, photocatalysis has
been reported to vary, and has been found to depend on the pol-
lutant that is being degraded [5,19]. When a beneficial effect of Pt
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is observed, it is frequently proposed that the establishment of a
space charge layer at the Pt-TiO, junction accelerates the removal
of photoelectrons from the semiconductor and their transfer to oxy-
gen or other electron acceptors in the solution [4,20,21]. This is said
to not only decrease the incidence of photogenerated electron-hole
recombination [22], but also to promote the reduction of oxygen,
which has been identified as a possible rate-limiting step in the
photocatalytic oxidation of some organics [23]. Additionally, the
performance enhancement of Pt deposits has also been attributed
to the dark catalysis displayed by Pt-TiO, [14], which could poten-
tially be via dehydrogenation [4], oxidative dehydrogenation or
hydrolysis by the Pt deposits [5]. As our recent work illustrated
[5], the influence of the Pt deposition is governed by the nature of
the organics being oxidized. The effects of TiO, platinization could
also depend on the oxidation state of the photodeposited Pt [9]. Lee
and Choi reported Pt9 as the most active oxidation state of the Pt
deposits [9], while Teoh et al. found that there is an intricate inter-
relationship between the Pt oxidation state and the degradation
pathway of the organic compound [7].

Studies on Pt-TiO, thin films for photoelectrocatalysis pro-
cesses are limited [14,24,25] and implications thereof are not fully
known nor understood. A direct extrapolation of findings from
Pt platinization of TiO, powders to thin film photocatalysis or
thin photoelectrocatalysis cannot be drawn, as the charge car-
rier dynamics are rather different. It is well known that charge
transport, consumption and recombination processes are impor-
tant attributes that determine the kinetics, efficiency and reaction
pathway of a photocatalytic degradation process. In these regards,


http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:donia.friedmann@unsw.edu.au
mailto:r.amal@unsw.edu.au
mailto:h.zhao@griffith.edu.au
dx.doi.org/10.1016/j.cej.2010.01.030

W.Y. Gan et al. / Chemical Engineering Journal 158 (2010) 482-488 483

a PC process differs remarkably from a PEC process. In a PC pro-
cess, both oxidation and reduction half reactions occur at different
locations on the same TiO, crystals/particles. The reduction half
reaction relies purely on the presence of molecular oxygen or other
electron acceptors to remove the photogenerated electrons from
the conduction band. This is often a limiting step of the overall
reaction due to the low concentration of available electron accep-
tors near the surface. Under such circumstances, surface deposited
Pt could act as a ‘catalyst’ to facilitate the photoelectron consump-
tion or the reduction half reaction, leading to an enhanced overall
efficiency. In case of a PEC process, the oxidation and reduction half
reactions occur separately at the anode and cathode, respectively.
This physical separation of oxidation and reduction half reactions in
addition to an appropriate applied potential bias makes a PEC pro-
cess independent of electron acceptor concentration [26,27]. This
is because the applied potential bias serves as an external driving
force to remove the photogenerated electrons from the conduction
band to the external circuit then to the auxiliary electrode (cath-
ode) where the forced reduction half reactions take place. In other
words, photoelectron consumption in a PEC process is very differ-
ent to that of a PC process. For this reason, the role of deposited Pt
on a TiO, surface in a PEC process could be different to that of a PC
process.

When comparing the Pt platinization of TiO, powders to thin
film photocatalysis or thin photoelectrocatalysis, there are other
differences that need to be highlighted. When TiO, powders are
suspended in an aqueous suspension, charge carrier recombination
occurs on the surface or in the bulk of one TiO, particle (alter-
natively, this could involve a few TiO, particles if agglomerates
are present). However, in the case of TiO, films, charge carriers
migrate throughout the whole film. This process involves multi-
grain interfacial transfers. Therefore, electron-hole recombination
in films is expected to be greater in TiO, films due to multi-
recombination within grain volumes and at grain interfaces. Hence,
the photoactivity of TiO, films is often influenced by 2 impor-
tant parameters, film thickness and film porosity [28]. Finally, He
et al. [14] showed that differences in preparation methods of Pt
deposited TiO, can also lead to differences in film properties (when
compared to powders), possibly manifesting themselves as varia-
tions in Pt deposit size. Such differences can lead to differences
in mechanisms (dark catalytic combined with photoelectrochem-
ical in films) as opposed to only photoelectrochemical in powders
dip-coated as films.

In this context, a comparative study of PC and PEC degrada-
tion processes under comparable conditions would be of scientific
and practical interest, as it would allow for a better understanding
of the mechanistic role of deposited Pt in PC and PEC processes.
To ensure the experimental conditions are comparable, both PC
and PEC experiments were carried out using the same thin-layer
photo(electrochemical)-catalytic system, consisting of a reaction
cell and a detection cell. A series of Pt-TiO, films with varying
amounts of Pt deposits were prepared and tested for the oxidation
of glucose. The oxidation efficiencies were compared and analyzed
as a function of surface Pt content, applied potential bias and glu-
cose concentration.

2. Materials and methods
2.1. Materials

Indium tin oxide (ITO) conducting glass slides were purchased
from Delta Technologies Ltd. (USA). Hexachloroplatinic acid (99%,
Unilab), titanium (IV) tetraisopropoxide (97%, Aldrich), isopropanol
(99.5%, Ajax), glucose (99%, BHD) and NaClO4 (Ajax) were used
as received. Milli-Q water (Millipore, Milli-Q Plus) was used for

preparing all solutions. The pH of the solution was adjusted either
with NaOH or HClOg4.

2.2. Preparation and characterization of Pt-TiO, films

A TiO, sol was prepared according to the method by Day et
al. [29]. Titanium tetraisopropoxide, TTIP was hydrolyzed with a
0.5 equiv. of water in isopropanol at ambient temperature. The
mixture was then refluxed at 78°C for 20h to yield a trans-
parent sol. The sol was deposited on the ITO glass substrates
(75mm x 15mm x 1 mm) by using a dipping unit. The substrates
were dip-coated once for 30 s and lifted out of the dipping solution
at a speed of 2.3 mms~!. The coated slides were dried in air and
then annealed in a muffle furnace at 450°C for 30 min. Platinum
was deposited on TiO, films photochemically from a hexachloro-
platinic acid solution, H,PtClg (pH 3) in the presence of 0.05M
of oxalic acid. By adjusting the concentration of hexachloropla-
tinic acid solution from 0.1 to 1.0mM, the amount of platinum
deposited was varied. The Pt-TiO, films prepared were identified
by the platinum ion loading added to the solution prior to illumi-
nation.

The morphology of the TiO, films was observed using Transmis-
sion Electron Microscopy (TEM, Phillips CM-200) at an accelerating
voltage of 200kV. The phase content of the TiO, film coated on
ITO glass was analyzed by a Philips X’Pert MRD X-ray diffractome-
ter, using graphite monochromatic copper radiation (Cu-Ka) at
45kV, 40 mA over the 26 range of 20-80°. A surface chemical anal-
ysis was performed by X-ray photoelectron spectroscopy (XPS, VG
ESCALAB220iXL) using an Al-Ka source (1486.6) in an ultra high
vacuum chamber (25 x 10~19 mbar). Photoelectrons were collected
by a hemispherical analyzer at 90° take-off angles. The spectra were
calibrated with the C1s peak at 284.7 eV.

2.3. Photocatalytic and photoelectrocatalytic tests

PC and PEC experiments were carried out in batch mode in
the reaction cell of a serial thin-layer photo(electrochemical)-
catalytic system, as shown in Fig. 1. The reaction cell thickness
was 0.25mm, the illumination area was 489 mm? and the cell
volume was 160 mm?3. For the PEC experiments, a platinum disc
was used as the counter electrode. The illumination source for
the reaction cell was a UV-LED array which consisted of 4 pieces
of UV-LED (NCCUO033(T), Nichia Corporation). The specified peak
wavelength of the UV-LED was 365nm and the spectrum half
width was 8 nm. The UV-LED array optical outputs were adjusted
by a power supply. The UV intensity impinging on the electrode
surface was measured to be 25 mW cm~2 using an UV-irradiance
meter (UV-A, Beijing Normal University). Prior to illumination, the
reaction cell was filled with the reaction solution with a known
concentration of glucose in a supporting electrolyte (2.0 M NaClOy).
The pH of the solution was approximately 6. The oxidation of glu-
cose was initiated by illuminating the cell. Typically, the reaction
took 20 min for completion. The exit solution from the reaction
cell was subsequently pumped to a down-stream detection cell.
The operation of the detection cell was based on an exhaustive
PEC degradation process, PECOD method. This method integrates
the photocurrent originating from the photocatalytic oxidation of
organic compounds to quantify the extent of degradation. Details
on the design and operation of the detection cell can be found
in previous works [26,30]. A potentiostat (Model 362, Princeton
Applied Research) was used to apply potential bias in reaction and
detection cells. Potential and current signals were recorded using a
computer coupled with a data acquizition system (e-corder, eDAQ
Pty. Ltd.).
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Fig. 1. Schematic diagram of the serial thin-layer photo(electrochemical)-catalytic degradation system with a UV-LED array.

2.4. Photoelectrochemical measurements

Linear sweep voltammograms (LSV) were obtained in a three-
electrode electrochemical cell containing 100 cm? of 0.1 M NaClO,4
as supporting electrolyte with a quartz window for illumination.
The exposed area of working TiO, or Pt-TiO, electrodes for pho-
toelectrochemical reactions was 0.79cm?. A saturated Ag/AgCl
electrode and a platinum plate were used as the reference and
the auxiliary electrodes, respectively. The pH of the solution was
adjusted to pH 6 at the beginning of all experiments. UV illumina-
tion was provided using 150 W Xenon arc lamp light source and
focusing lenses (Beijing Optical Instruments) in conjunction with a
UV band pass filter (UG-5, Schott). This assembly provided UV irra-
diation in 230-400 nm at intensity of 6.6 mW cm~2, as measured
with a UV-irradiance meter (UV-A, Beijing Normal University).

3. Results and discussion
3.1. Chemical composition of Pt deposits

Fig. 2 shows the TEM micrograph of a typical TiO, film prepared
by the dipping method as described earlier. Here, the lattice fringe
is clearly evident, signifying the high crystallinity of the deposited
TiO, film. The XRD analysis showed that the TiO, film consisted
of anatase. Peaks corresponding to rutile and brookite were not
observed.

As mentioned earlier, Pt was deposited photochemically onto
the TiO, films. Fig. 3 shows XPS spectra for the platinized TiO,

Fig. 2. TEM micrograph of a TiO; film prepared by the dipping method.

film obtained using 1.0 mM H, PtClg solution in the platinum (Pt4f),
titanium (Ti2p) and oxygen (O1s) regions (70-79, 455-465 and
529-533 eV, respectively). In the platinum region, the spectrum
could be deconvoluted into three pairs of doublets. The Pt4f;, and
Ptdfs), peaks at 70.33 and 70.93eV; 73.36 and 73.94 eV, respec-
tively, were attributed to atomic state Pt(0), while the third pair
at ca. 72.72 and 75.93 eV corresponded to the oxidation states of
Pt(II). The peak values agree fairly well with previously published
data [31,32]. By comparing the normalized peak areas, Pt(0) was
found to be the dominant species (~90%). The Pt(II) group (~10%)
could be attributed to the presence of PtO and Pt(OH), on the film
surface since oxygen has a high tendency to chemisorb on the clean
platinum surface during storage under ambient conditions and oxi-
dize the Pt species [33]. The titanium peak at 458.90 eV was used as
the binding energy reference in this analysis (Fig. 3B). Fig. 3C shows
the O1sspectrum centered at 529.86 eV. This is a characteristic peak
for metal oxides and agrees with O1s electron binding energy for
a TiO, molecule [34]. All other Pt-TiO, samples displayed similar
XPS characteristics as the 1.0-mM Pt-TiO, sample presented here.
From the normalized peak area, the surface loading of atomic Pt
deposits (Pt(0):Ti atomic percentage) was quantified to be approx-
imately 3.8%, 12.2% and 26.5% for the films prepared at 0.1, 0.5 and
1.0 mM H,PtClg, respectively.

3.2. Photocatalytic performance

In Fig. 4, the results of the photocatalytic degradation exper-
iments are presented. This figure shows the amount of glucose
oxidized photocatalytically by TiO, and Pt-TiO, films under UV
illumination using Pt-TiO, with various Pt loadings and at different
initial glucose concentrations. At an initial glucose concentra-
tion of 0.05mM 20% (0.0016 pmole) was mineralized by the
undoped-TiO, film. For the same initial glucose concentration
(0.05M), Pt-TiO, films prepared using 0.1, 0.5 and 1.0mM Pt
solution oxidized 37% (0.003 wmole), 50% (0.004 wmole) and 28%
(0.0022 pmole) of glucose, respectively. Hence, the Pt deposition
on the TiO, films surface exhibited a net beneficial effect for the
photocatalytic degradation of glucose. An optimum Pt loading was
obtained with the 0.5-mM Pt-TiO, sample. There are several rea-
sons for a decrease in the photocatalytic performance above an
optimum loading and these have been discussed in the literature
[35,36]. For example, it is noted that the 1.0-mM Pt-TiO, sample
had a surface loading of 26.5% Pt, this high loading is believed to lead
to UV shielding. Additionally, at higher Pt loadings, the Pt deposits
occupy a significant number of the reactive surface sites, hence
resulting in fewer reactive sites for the degradation of glucose. This
was also suggested by Chen et al. [37] for Pt-TiO, photocatalytic
systems when used for the generation of H, from methanol. An
analogy is drawn here to Se-TiO, systems in which Se deposits
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Fig. 3. XPS spectra of the 1.0-mM Pt-TiO; film and the corresponding assignment of XPS bands in the (A) platinum, (B) titanium and (C) oxygen [the data points show the

experimental spectra and black lines show the deconvoluted spectra].

were shown to occur preferentially on the surface irregularities of
TiO, that are believed to be more active [38].

As also shown in Fig. 4, as the initial concentration of glucose
was increased to 0.1, 0.15 and 0.02 M, the presence of an optimum
Ptloading was again observed. It can be seen here that the beneficial
effect of platinum for the photocatalytic oxidation of glucose was
greater at the higher glucose concentration. These results can be
explained as follows: the rate of the photooxidation reaction is a
function of the concentrations of organic and active species present
in solution at a given time, as shown by Eq. (1), where [S*] is the
concentration of active species, [C] is the concentration of organic
substrate and Keqcrion iS the rate constant [39]. The active species
include photogenerated holes and electrons, hydroxyl radicals, and
superoxide radicals:

( dfi?z ) = Kreaction[C1[S#] .

At low glucose loadings, it is believed that the concentration of
active species ([S*]) is in excess of the glucose concentration ([C])
and the reaction rate is therefore not affected by [S*]. At higher glu-
cose loadings, [C] > [S*], and the photooxidation reaction becomes
limited by [S*]. Under these conditions, anincrease in electron-hole
recombination will result in a decrease in [S*], hence the rate of
electron-hole recombination plays a significant role in determining
the observed photooxidation rate of glucose [13,39].

3.3. Photoelectrocatalytic performance

Fig. 5 shows the photocurrent response of TiO, and Pt-TiO5, films
as a function of applied potential. The photocurrent of the films
varied with applied potential and Pt content. In the absence of UV
illumination, there was no measured current for all films (curve
E). It is interesting to note that when applying a cathodic poten-
tial bias (i.e.,—0.1V) or a small anodic potential bias (i.e., +0.1V),
the undoped-TiO, films showed an almost equal photocurrent to
the 0.1-mM Pt-TiO, film, and when the applied potential bias was
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& 0.015 W 0.5 mMPL-TIO,
] = 0.1 mMPt-TiO2
g 0.010 4 =
o o
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Fig. 4. Photocatalytic oxidation of glucose by TiO, and Pt-TiO, films at different ini-
tial concentrations of glucose [the grey area represents the initial amount of glucose;
reaction time =20 min; experimental volume =160 pL].
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Fig. 5. Photocurrent response of (A) TiO-, (B) 0.1-mM Pt-TiO;, (C) 0.5-mM Pt-TiO,,
and (D) 1.0-mM Pt-TiO; films. The intersection of the dashed line on x-axis indicates
the respective flatband potential.

more positive than +0.5V, the photocurrent in the undoped-TiO,
superseded that of the Pt-TiO; films. Additionally, the resulting sat-
uration current under a potential bias was found to decrease as the
Pt content increased.

The flatband edge potentials can also be derived from Fig. 5. The
method we used to derive the flatband potential is based on the
measurement of the “on-set” potential. The applied potential bias
to the photocatalyst anode serves the function of motive force to
drive the electron movement inside the semiconductor photocata-
lyst layer. For a n-type semiconductor electrode, when the applied
potential is below the conduction band edge (or below the flat-
band potential), there would be no electrons withdrawn from the
semiconductor. As a result there is no anodic current observed.
The on-set potential in this work refers to the potential at which
anodic photocurrent begins to be measured. At these potentials, all
the photogenerated charge carriers recombine without producing
a net current flow [40,41]. As can be seen from Fig. 5, the appar-
ent flatband potential of the TiO, film was —0.28V (vs Ag/AgCl).
The apparent flatband potentials for the 0.1-mM Pt-TiO;, 0.5-mM
Pt-TiO, and 1.0-mM Pt-TiO, films were —0.27, —0.26 and —0.24V,
respectively. This slight shift in potential with Pt deposition sug-
gests surface energetic distribution changes by the deposited metal.

In the first set of PEC experiments, the effect of applied potential
bias was investigated. Fig. 6 shows the amount of glucose oxidized
by TiO, and Pt-TiO, films under applied potential bias ranging from
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Fig. 6. Effect of applied potential bias on the PEC oxidation of 0.10 mM glucose on
TiO, and Pt-TiO; films [reaction time =20 min; experimental volume =160 wL].
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Fig. 7. Photoelectrocatalytic oxidation of glucose by TiO, and Pt-TiO, films at
different initial concentrations of glucose [the grey area represents the initial
amount of glucose; E=+0.9V vs Ag/AgCl; reaction time =20 min; experimental vol-
ume =160 pL].

—0.1to +0.9V (vs Ag/AgCl), while Fig. 7 shows the photoelectrocat-
alytic oxidation of glucose by TiO, and Pt-TiO, films at different
initial concentrations of glucose at an applied anodic potential
of +0.9V. Firstly, from a comparison between the photocatalytic
results presented in Fig. 4 with the photoelectrocatalytic results
presented in Fig. 6, it is clear that higher glucose photooxidation
efficiencies were achieved using the PEC system compared to the
PC system, using both TiO, and Pt-TiO, films at an anodic bias of
+0.9V.

From Fig. 6, it can be seen that the highest extent of glucose oxi-
dation occurred under anodic bias +0.5V with the undoped-TiO,
film. These conditions achieved 90% (0.015 pumole) glucose oxida-
tion. The 0.1-mM Pt-TiO, films had the second highest efficiency,
followed by 0.5-mM Pt-TiO, and 1.0-mM Pt-TiO, films. The use
of the 1.0-mM Pt-TiO, film in the PEC cell achieved approximately
75% (0.013 pmole) glucose oxidation. From these results it is also
clear that undoped-TiO, electrodes at times out-preformed Pt-TiO,
electrodes depending on the applied potential bias.

At an applied cathodic potential bias of —0.1V, the Pt-TiO, films
displayed higher glucose oxidation efficiency than the undoped-
TiO, films. This could be due to the electron reactions playing a
bigger role in the indirect oxidation of organics under cathodic
conditions (in reactions involving superoxide radicals for example)
[25], particularly on the Pt-TiO, films given that they favour elec-
tron transfer to oxygen in solution. At a low anodic potential bias
(+0.1V), the Pt-TiO, films also outperformed their undoped-TiO,
counterparts. Here, it is believed that under these anodic condi-
tions, the hole driven oxidation reactions were favoured on the
Pt-TiO, films. This is believed to be due to enhanced electron-hole
separation brought about by the Pt deposits, which are able to
transfer the photogenerated electrons away. The dark catalytic
effects of the Pt deposits may have also played a role [14].

As the anodic potential bias increased further (+0.3 Vand above),
the undoped-TiO, films began to outperform the Pt-TiO, films. This
could mean that under these conditions, more holes were available
for the oxidation of glucose on the surface of TiO, than on the sur-
face Pt-TiO, films. We postulate that at a higher anodic potential
the oxidation of glucose was no longer limited by electron-hole
recombination (since the anodic bias minimized electron accumu-
lation), however it may have become limited by the generation of
electrons and hole pairs which was greater in the undoped-TiO,
films due to shielding of the TiO, surface by the Pt deposits [13,14].
The higher photocurrent in the undoped-TiO, and the decrease in
photocurrents with increased Pt loading reaffirm this postulation.

It is noted that as the potential bias is increased to +0.5V and
greater, the oxidation efficiency plateaus. This can be explained by
the fact that the potential bias provides an electromotive force that
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Fig. 8. Effect of O, concentration on the photocatalytic and PEC (+0.9V vs Ag/AgCl)
oxidation of 100 wM glucose by 0.5-mM Pt-TiO; film.

pulls the photogenerated electrons to the counter electrode, hence
reducing charge carrier recombination and increasing the avail-
ability of active species. However, the number of active species
that can be achieved in the TiO, or Pt-TiO, films is fixed, and it
is because of this that after a certain anodic bias, the efficiency
plateaus [13]. These findings are significant for application pur-
poses, where optimum conditions for PEC systems need to be
identified for either TiO, or Pt-TiO-, films. Optimum PEC conditions
could also be dependent on the nature of the organic that is being
degraded and its redox potential.

Fig. 7 shows the amount of glucose oxidized at different ini-
tial glucose concentrations using TiO, and Pt-TiO, films in the
PEC system. A potential bias of +0.9V was applied for all runs.
When comparing the degree of oxidation at different initial con-
centrations, the undoped-TiO, film had the highest PEC activity
by oxidizing 90% (0.015 wmole) of the glucose initially present in
the system. A slight detrimental effect in glucose oxidation was
observed when using the Pt-TiO, films at all glucose concentra-
tions compared to the undoped-TiO, films. As discussed earlier in
Section 3.2, at the higher glucose concentrations the rate of oxi-
dation of glucose is expected to be limited by the availability of
active species (such as holes, hydroxyl radicals, superoxide radi-
cals). The undoped-TiO; surface seems to provide more active sites
than its Pt-TiO, film counterparts at the applied potential bias of
+0.9V. Among the platinized films, the 0.1-mM Pt-TiO, and 0.5-
mM Pt-TiO, films had similar activities, while 1.0-mM Pt-TiO, film
had the lowest activity. The presence of an optimum Pt loading was
observed and explained earlier.

The effect of oxygen concentration on the efficiency of both the
PC and PEC processes was also studied. In most cases, due to the
limited amount of oxygen dissolved in the solution (<10 ppm at
25°C, 1 atm), the interfacial oxygen reduction is the rate-limiting
step of the overall photocatalytic reaction and therefore controls
the efficiency of the system. This is evident in Fig. 8 which shows
that the amount of glucose oxidized in the PC reaction increased
significantly with an increase in dissolved oxygen concentration.
In the case of the PEC system, oxidation of glucose was essentially
independent of dissolved oxygen concentration. This reaffirms that
at +0.9V, the oxidation of glucose was predominantly hole driven
as expected under anodic bias conditions.

4. Conclusion

The overall oxidation efficiency of the PEC process was better
than the PC process, for both TiO, and Pt-TiO, films. At an applied
cathodic potential bias, the Pt-TiO, films displayed higher glucose
oxidation efficiency than the undoped-TiO, films. This could be due
to the electron reactions playing a bigger role in the indirect oxi-
dation of organics under cathodic conditions particularly on the

Pt-TiO, films given that they favour electron transfer to oxygen in
solution. At a low anodic potential bias (+0.1V), the Pt-TiO, films
also outperformed their undoped-TiO, counterparts. Here, it is
believed that under these anodic conditions, the hole driven oxida-
tion reactions were favoured on the Pt-TiO, films. This is believed
to be due to enhanced electron-hole separation brought about by
the Pt deposits, which are able to transfer the photogenerated elec-
trons away. As the applied potential bias was increased further, the
undoped-TiO, films showed higher photooxidation rates than the
Pt-TiO, films. The Pt deposits may have had a detrimental effect
since the Pt deposits may have blocked the surface of TiO,, hence
reducing the number of surface active sites (particularly at the high-
est Ptloadings). Lower measured photocurrents from Pt-TiO, films
compared to undoped-TiO, and a decrease in the photocurrent as
the Pt loading increased corroborate this postulation.
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